Space-time patterns of genetic structure in the largest known Spanish stand of Androcymbium gramineum were explored through spatial autocorrelation on allele frequencies at 17 allozymic loci. Our results strongly suggest that the consistent overall profiles of short-distance genetic structure detected have evolved in a scenario of prolonged habitat uniformity by the action of prolific vegetative reproduction overlaid with a minor incidence of outcrossing and self-fertilization. Investigation of the temporal component of spatial genetic structure through the assessment of differently aged cohorts of plants provided evidence that patch sizes in this stand are progressively enlarged in the absence of microhabitat differentiation. These results explain the maintenance of large amounts of variability in this endangered endemic species.
Introduction
Plant populations can manifest different patterns of genetic structure owing to a variety of demographic and life history traits (Levin & Kerster, 1974; Antonovics & Levin, 1980; Schnabel et at., 1991) . From a general point of view, the genetic structure of natural populations can be conceived as the organization of variability emerging from the continued interaction between ecological conditions and historical contingency. Therefore, it is primarily a phenomenon restricted to a given space and, as such, bound to reflect differences in the size of populations and in the distribution of individuals within them. As first recognized by Wright (1938 Wright ( , 1946 , small size has great significance in the population breeding structure, because it leads to impoverished variability through progressively higher levels of inbreeding and genetic drift. Within an evolutionary context, it is generally agreed that a random distribution of intrapopulational genetic variability contributes to progressive loss of variation, which reduces the ability of populations to adapt to changing environments and increases their susceptibility to external pressures (Barrett & Kohn, 1991) .
Large natural populations, in which drift is not a factor, are generally assumed to be subdivided into demes of related individuals (Bradshaw, 1972; Levin & Kerster, 1974; Schaal, 1975) . Consistently, most studies involving large populations have elicited patterns of spatial genetic organization over short distances (Epperson & Clegg, 1986; Schoen & Latta, 1989; Perry & Knowles, 1991; Schnabel et at., 1991; Wagner et a!., 1991; Shapcott, 1995) , although some exceptions seem to occur (Levin, 1976; Dewey & Heywood, 1988) . The existence of spatial structuring in large populations facilitates the generation and maintenance of high levels of variability with which to sustain efficient reproductive performance, survive stochastic events or adjust to novel fluctuating environments (Huenneke, 1991) .
Given that the demographic dynamics of populations usually impact directly on the amount and distribution of their levels of variation, patterns of genetic structure can also be affected by time. Even in the absence of environmental alterations, the change in density concomitant to population growth appears to be able to influence the spatial organiza-tion of genetic variability. In both insect-and windpollinated species, increased density usually relates to lower pollen dispersal because of compensation adjustments of pollinators and to the increased probability of pollen impaction (Antonovics & Levin, 1980) . Therefore, it seems likely that as a population becomes denser, near neighbours are more closely related, giving rise to the abovementioned profile of semi-isolated patches. Nevertheless, owing to the impossibility of reliably ageing most plant species and because sampling must take place over a short period, empirical evidence indicating the effect of time upon genetic structure is scarce. This present shortage of data has important implications for theoretical developments because, in contrast to these, no remarkable variation resulting from the time component in the genetic structure of natural populations has been reported, even although long-term scales have been considered (Levin, 1976; Linhart et al., 1979) .
In this context, fine-scale studies of plant populations are clearly needed not only to throw light on the influence of population growth on patterns of genetic structure, but also to facilitate insight into the mechanisms by which variability originates and is maintained.
Androcymbium gramineum (Cay.) McBride is an endangered endemic cormous monocotyledon that has sets of disjunct populations on both sides of the Straits of Gibraltar (Fig. 1) . In the Spanish province of AlmerIa, there are 10 known stands, which show a remarkable variation in size. They always occur in sheltered locations, most of which have remained (Caujapé-Castells, 1995) , as estimated from FST (Wright, 1978) .
These attributes constitute indirect evidence that A. gramineum populations might exhibit spatial genetic structuring. The first objective of this study is to describe the distribution of genetic variability in the demographically largest Spanish stand of this endangered endemic. In an attempt to explain the maintenance of high levels of variability in A. gramineum, our second goal is to examine the temporal component of its genetic structure. Of instrumental importance in fulfilling this last objective, corm growth in the genus Androcymbium proceeds through the yearly production of a new coriaceous tunic that remains firmly stuck on top of those accumulated during the life of the plant, thereby allowing reliable ageing of individuals.
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Methods

Sampling
The sampled population, named 'Charco dcl Lobo' (CH), is by far the largest known stand of A. gramineum, with an estimated size of 50 000 individuals.
They form a dense continuous prairie of about a hectare in a small valley, which is flooded during the rainy season. It is situated near the village of Campohermoso (province of AlmerIa) (Fig. 1 ).
Because plants in this population are not structured into physical clumps, clones are not easily identifiable. Intensive sampling was conducted within a transect of 70 m, resulting in a total of 200 individuals. In all cases, they were assigned a code and a pair of map co-ordinates before sampling. Subsequently, they were unearthed, put into paper bags and carried to the Marimurtra Botanical Garden in Blanes (Girona). Because the number of tunics formed by the corm provides a direct estimate of the age of the plants, it was recorded for each of the sampled specimens. They were then planted in a greenhouse using a homogeneous substrate. Two of them died.
Electrophoretic analyses Horizontal starch-gel electrophoresis was carried out with fresh leaf tissue, as described elsewhere (Pedrola-Monfort & Caujapé-Castells, 1994) , and resulted in the resolution of 17 putative loci inferred from 11 enzyme systems: aconitase (Aco2, Aco3, EC 4.2.1.3); alcohol dehydrogenase (Ad/i, EC 1.1. (Swofford & Selander, 1989 ).
Patterns of genetic structure were assessed using spatial autocorrelation analyses (Sokal & Oden, 1978) . To carry them out, only alleles with frequency
The Genetical Society of Great Britain, Heredity, 79, 341-349. values above 0.040 were processed and, at diallelic loci, only one allele was considered (as the other one would offer identical information). These genetic data were recoded so that each plant was assigned a frequency value of 0.0, 0.5 or 1.0 depending on the absence, presence in heterozygosity or presence in homozygosity of every submitted allele at every locus, respectively. The resulting matrices were loaded in SAAP version 4.3 (Wartenberg, 1989) , which calculated Moran's coefficient of spatial autocorrelation (Cliff & Ord, 1973 ). Moran's I varies from -1 to + 1, and its expected value is given by the expression E(I) = -1I(n -1), where n is the total number of individuals in the sample (Sokal & Oden, 1978) . Departures from the expected value of I for each distance class and overall correlogram significances were also tested for every allele by SAAP. To analyse the temporal component of genetic structure in this population, the sample was divided into four subsets, corresponding to individuals with more than 15, 11, 8 and 6 tunics and coded t = 1, t = 2, t = 3 and t = 4, respectively. All analyses were performed with five distance classes to allow comparison among the patterns emerging from the whole sample and those from each of the temporal subsets (which, logically, have much smaller sizes). All correlograms, which plot the change of Moran's I with distance, were produced by SYSTAT version 5 (1992).
Results
The histogram of age classes (Fig. 2) demonstrates that population CH is of mixed age, with most individuals falling in the interval from 4 to 12 tunics. As expected, the mean number of alleles per locus (3.12) is considerably higher than that found in the rest of the populations of A. gramineum (Pedrola- Monfort & Caujapé-Castells, 1994 values of the mean fixation index (Wright, 1978) and mean expected heterozygosity are also high for this stand (F = 0.249 and He = 0.349, respectively). Most of the alleles displayed significant spatial autocorrelation. As shown in occurring between the first and the fifth distance classes. The only x-axis intercept in this correlogram occurs at about 15 m. According to Sokal (1979) , the first x-axis intercept is an operational estimate of the average length of the shortest side of true patches that are irregular in shape or variable in size.
Average multilocus correlograms calculated independently in each of four age classes (Fig. 3b-e) show a close similarity with that of the whole data set.
To study the effects of population growth on the spatial structuring of genetic variability, the sample of CH was divided into four sets, which represent consecutive stages of individual recruitment. By and large, the average multilocus correlograms of these sets are similar, both among themselves and relative to the overall mean correlogram for CH in Fig. 3a : the sharpest single-step slump of Moran's I always occurs between the first and second distance class, and the maximum difference between two values of Moran's I is that between the first and the fifth distance class. However, population growth seems to influence patterns of spatial genetic structure in two aspects: through the progressive decay in the difference between the values of Moran's I in the first and the second distance class, and by enlarging the size of homogeneous areas, as is evident from the representation of the x-intercept as a function of time (Fig. 4) .
The genotypic site map of locus 6Pgd4 at each of these four stages (Fig. 5) shows that this large population of A. gramineum recruits mainly by the multiplication of old genotypes and by the appearance of some new combinations between alleles previously detected in our transect. At t = 2, the sample incorporates two alleles (6Pgd4-b and 6Pgd4-g) and exhibits four additional genotypic combinations: bb, dg, eg and gg, with approximate co-ordinates (1, 2.5) (45, 5) (50, 5) and (51, 5), respectively. At t = 3, one previously undetected allele (6Pgd4-f) arises along with three new genotypes: ab at (1, 4), df at (2, 2.5) Table 1 Values of Moran's coefficient of spatial autocorrelation in the surveyed stand of Androcymbium gramineum for the alleles whose correlograms were significant at P <0.01 
Discussion
Studies of natural and experimental plant populations have revealed that allele frequency distributions can be highly structured in space when there is microhabitat heterogeneity (Hamrick & Holden, 1979; Turkington & Harper, 1979) . Theoretical approaches and practical evidence also agree in predicting positive autocorrelation between adjacent plants in predominantly selfing species (Allard, 1975) , in those undergoing nearest-neighbour pollination (Turner et al., 1982) and where reproduction occurs vegetatively (Sokal & Oden, 1978; Sokal & Wartenberg, 1983; Oden, 1984; Shapcott, 1995) .
Short-distance spatial genetic structure exhibited by this stand of A. gramineum is unlikely to have evolved through the exploitation of a patchy environment. There are two compelling arguments that rule out this possibility. First, microhabitat heterogeneity was not detected, which is consistently supported by the considerable homogeneity obtained in the correlograms corresponding to different loci. Secondly, capsules have limited dispersal capacity and are seldom carried further than 0.5-1 m from the mother plant. In this respect, not even herbivore grazing is likely to be a factor determining larger dispersal distances, because the unpleasant smell given off by their leaves and the high content of Independent average correlograms for each of four age classes (Fig. 3b-e) reveal that, although there are slight discrepancies among the estimated sizes of homogeneous areas, overall profiles of genetic structure can be assumed to have been maintained, at least through the time span represented in our sample.
The large patch size estimated from the x-axis. First, it reduces the differences between nonadjacent localities, a phenomenon that we attribute to vegetative growth coupled with moderate levels of outcrossing and selfing. From the sequence of the genotypic site map of locus 6Pgd4 in Fig. 5 , a key observation to reinforce this interpretation is that, while the number of genotypically identical heterozygous individuals in CH grows considerably from t = 1 to t = 4 (indicating vegetative growth), a large proportion of all the possible genotypic combinations do not occur in our sample (see Fig. 5 at t 4) , possibly indicating limited outcrossing. There are two reasonable explanations for the appearance of new alleles. One of them is that they represent outcrossing events (either recent in time or attributable to the emergence of stocks of dormant seeds) involving intrapopulational localities not sampled. The other is that they derive from dead individuals that previously lived in the sampled area.
The second effect of population growth is the progressive enlargement of the size of homogeneous areas, as estimated from the average multilocus correlograms (Fig. 4) . Qualitative evidence that this is not an artefact of decreasing sample size as one considers older age classes is furnished by the sequence represented in Fig. 5 . It is worth emphasizing this result, because reports using computer simulations also describe progressive increases of the average x-intercept and the rapid generation of very large patches (Turner et at., 1982) . In contrast to this stand, where the influence of vegetative reproduction on the spatial genetic structure seems to have been paramount, patch structure in Turner et al.'s (1982) simulations evolved solely because of nearestneighbour pollination and limited seed dispersal. Also, unlike the results obtained by Turner et at. (1982) , heterozygotes in our sample were not predominantly found between patches of the two corresponding homozygotes.
These analyses suggest that this dense population of A. gramineum does not experience isolation by distance, because in that case we would expect an increase in the differences between adjacent localities over time. Furthermore, they indicate that prolific vegetative propagation overlaid with much lower levels of outcrossing and self-fertilization have strongly influenced the long-term development of its present short-distance genetic structure. This provides a consistent framework to explain the maintenance of high levels of variation in this species. Comparable data are scarce and unanimously suggest that, even in the long-term, the temporal component of differentiation is much less marked than the spatial component (Levin, 1976; Linhart at at., 1979) . Hopefully, these conclusions will soon be complemented by quantitative estimates of outcrossing rates in A. gramineum.
Our results agree with the general pattern that is emerging for plant populations, in which the development of substantial spatial structuring of molecular genetic variation is largely restricted to populations in which a significant portion of the offspring are produced by vegetative propagation or by selfing.
Finally, these results have significance for the conservation of variability in this endangered species. In a previous paper (Pedrola-Monfort & Caujapé-Castells, 1996) , we concluded that, as most of the allozymic and morphological variability of A. gramineum resided within populations, sampling intensively in the largest stand would minimize effort, while missing only very low-frequency alleles. Present evidence allows us to refine this conclusion by strongly suggesting that, if our interest is to obtain a consistent representation of the A. gramineurn gene pool, individuals should be separated by a minimum distance of 15 m in order to avoid the sampling of close relatives.
